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LOW RESISTANCE T-GATE MOSFET DEVICE USING A DAMASCENE 
GATE PROCESS AND AN INNOVATION OXIDE REMOVAL ETCH 

DESCRIPTION 
Field of the Invention 
The present invention relates to semiconductor devices, and more particularly to a 
low-resistance, damascene T-gate metal oxide semiconductor field effect transistor 
(MOSFET) device. The present invention also relates to a method of fabricating a 
low-resistance, damascene T-gate MOSFET which uses damascene-gate processing as 
well as an innovative oxide removal etch. 

Background of the Invention 
Over the past twenty-five years or so, the primary challenge of VLSI (very large scale 
integration) has been the integration of an ever-increasing number of MOSFET 
devices with high yield and reliability. This was achieved mainly by scaling down 
MOSFET gate/channel length, reducing gate dielectric thickness and increasing 
channel doping concentration. 

In conventional complementary metal oxide semiconductor (CMOS) processes, the 
source, drain and gate regions of the MOSFET are implanted, activated annealed and 
thereafter silicided so as to produce low resistance junction regions in the substrate 
and poly-gate lines with low-sheet resistance. For high performance 0.1 pm CMOS 
devices, the conventional process of siliciding the poly-gates results in the following 
problem: For poly-gates having a width of 0.25 jxm or less, nucleation limited growth 
of the silicided polysilicon, i.e., TiSi, results in very high-sheet resistance which 
causes reduction in device performance. 

In view of the drawback mentioned above concerning conventional CMOS processing 
of high-performance sub-0.1 \im CMOS devices, there is a continued need for 
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developing a new and improved method which enables the fabrication of high- 
performance sub-0. 1 (im CMOS devices without the devices having high-sheet 
resistance poly gates. A method is also needed which avoids poly depletion in the 
gate region which is adjacent to the gate dielectric. 

5 

Summary of the Invention 
The present invention provides a method for the fabrication of sub-0. 1 |jm channel 
length CMOS devices which have very low-sheet resistance poly-gates. Moreover, 
the method of the present invention is capable of fabricating sub-0. 1 ^im CMOS 

1 0 devices which do not exhibit any substantial loss of carriers in the area of the gate that 
is adjacent to the gate dielectric. That is, the method of the present invention provides 
sub-0. 1 jim CMOS devices which do not exhibit any poly depletion. A further 
advantage of the present invention is that the inventive method is capable of forming 
sub-0. 1 (am CMOS devices having a reduced gate resistance without increasing the 

15 device area. 

The inventive method which provides the aforementioned sub-0. 1 pm CMOS devices 
utilizes a damascene-gate processing step as well as a vapor or plasma phase chemical 
oxide removal (COR) etch. Specifically, the method of the present invention 
20 comprises the steps of: 

forming a planar structure comprising a Si-containing substrate, a sacrificial oxide 
layer located atop a surface of said Si-containing substrate, a patterned polysilicon 
region located atop a portion of said sacrificial oxide layer and a dielectric material 
25 abutting said patterned polysilicon region; 

removing said patterned polysilicon region to provide an opening exposing a portion 
of said sacrificial oxide layer and implanting ions into said Si-containing substrate to 
form a device channel/body implant region, said device channel/body implant region 
30 having a length less than 0. 1 jam; 
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forming Si spacers on exposed vertical sidewalls of said dielectric material; 

removing said exposed portion of sacrificial oxide layer utilizing a chemical oxide 
5 removal etch to expose a surface of said Si-containing substrate; 

forming a gate dielectric on the exposed surface of said Si-containing substrate and 
oxidizing said Si spacers; 

10 forming a recessed poly-gate region in said gate dielectric, said recessed poly-gate 
having an oxide layer on an upper surface thereof; 

laterally etching said oxidized Si spacers and portions of said dielectric material which 
are above said recessed poly-gate to provide an area which is wider than said recessed 
15 poly-gate; 

forming a gate conductor in said area and removing remaining dielectric material; and 

forming nitride spacers on exposed vertical sidewalls of said recessed poly-gate that 
20 are beneath said gate conductor. 

The present invention also relates to a low-resistance T-gate MOSFET device that is 
formed utilizing the above described method. Specifically, the low-resistance T-gate 
MOSFET device of the present invention comprises: 

25 

a Si-containing substrate comprising at least one device channel/body implant region 
separating a source region from a drain region, said at least one device channel/body 
implant region having a length of less than about 0. 1 \im; 
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a gate dielectric located at least atop said device channel/body implant region, said 
source region and said drain region; 

a T-gate located atop a portion of said gate dielectric, said T-gate comprises a recessed 
bottom polysilicon region and an upper gate conductor region, said upper gate 
conductor region has a width that is greater than a width of said bottom polysilicon 
region; and 

nitride spacers located on exposed vertical sidewalls of said bottom polysilicon region, 
said nitride spacers have ah outer edge that is aligned with an outer edge of the upper 
gate conductor region. 

Brief Description of the Drawings 
FIGS 1-13 are pictorial representations (through cross sectional views) showing the 
basic processing steps of the present invention. It is noted that the drawings of the 
present invention are not drawn to scale. 

Detailed Description of the Invention 
The present invention, which provides a method for fabricating a low-resistance T- 
gate MOSFET device, will now be described in more detail by referring to the 
drawings that accompany the present application. 

FIG 1 shows an initial structure that is employed in the present invention. 
Specifically, the initial structure shown in FIG 1 comprises Si-containing substrate 10 
having isolation regions 12 formed therein as well as pad oxide layer 14 located atop a 
surface of Si-containing substrate 10. The term "Si-containing is used in the present 
application to denote a material that includes silicon. Illustrate examples of such Si- 
containing substrates include, but are not limited to: Si, SiGe, SiGeC, SiC, Si/Si, 
Si/SiC, Si/SiGeC and Si-on-insulator (SOI) where substrate 10 is the top Si-containing 
layer of the SOI substrate. In the case of SOI substrates, the SOI substrate will include 
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a buried oxide region beneath the top Si-containing layer which serves to electrically 
isolate the top Si-containing layer from a bottom Si-containing layer. The substrate 
may be undoped of doped (n-or p-type) depending on the type of device that is being 
fabricated. 

Pad oxide layer 14 is formed atop a surface of Si-containing substrate 10 using a 
conventional thermal growing process, or alternatively, pad oxide layer 14 may be 
formed by a conventional deposition process such as, but not limited to: chemical 
vapor deposition (CVD), plasma-assisted CVD, sputtering, evaporation and other like 
deposition processes. The thickness of pad oxide layer 14 may vary, but typically, pad 
oxide layer 14 has a thickness from about 5 to about 20 nm. 

After forming the pad oxide layer 14 on the surface of Si-containing substrate 1 0, 
isolation regions 12 are formed. The isolation regions may be trench isolation regions, 
as shown, or LOCOS isolation regions. The LOCOS isolation regions are formed 
utilizing a conventional local oxidation of silicon process, while the trench isolation 
regions are formed by lithography, etching and deposition. Specifically, the trench 
isolation regions are formed by first forming a hardmask (not shown) atop pad oxide 
layer and then forming a resist atop the hardmask. The resist is then patterned by 
conventional lithography which includes the steps of: exposing the resist to a pattern 
of radiation and developing the resist using a conventional resist developer. The 
pattern, which is typically in the shape of a trench, is then transferred to the hardmask 
by etching. The etching step includes a conventional dry etching process such as 
reactive ion etching (RIE), ion beam etching, plasma etching or laser ablation. After 
the pattern has been transferred to the hardmask, the resist is typically removed 
utilizing a conventional resist stripping process. 

The patterned hardmask that remains is then used to transfer the trench pattern to the 
substrate by etching through pad oxide layer 14 and portions of substrate 10. Note 
that in the case of SOI substrates, the trench may be etched partially through the top 
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Si-containing layer or it may be etched entirely through the top Si-containing layer 
stopping on a top surface of the underlying buried oxide layer. The etching used at 
this point of the inventive method may be the same or different from the etching step 
mentioned above. 

5 

After the trenches have been etched, an optional liner (not shown) may be formed on 
the bare surfaces of Si-containing substrate 10 utilizing a conventional deposition 
process or by a thermal growing technique that is well known to those skilled in the 
art. Note that the optional liner would be formed on the trench sidewalls as well as the 
10 trench bottom wall. The trench, with or without the liner, is then filled with a trench 
dielectric material such as tetraethylorthosilicate (TEOS), SiC>2 or a flowable oxide. 
The filling step includes a conventional deposition process such as CVD. In some 
embodiments, for example when TEOS is employed, an optional densification step 

may be employed prior to planarization. 

■ 

15 

After filling of the trenches, the structure is subjected to a conventional planarization 
process stopping atop an upper surface of the hardmask. The hardmask is then 
removed by etching providing the structure shown, for example, in FIG 1 ; during 
hardmask removal some of the dielectric fill material that is not coplanar with pad 
20 oxide layer 14 is removed. It is noted that the drawings of the present invention only 
depict one area of the Si-containing substrate in which a MOSFET device will be 
subsequently formed. The other areas of the substrate may include additional 
MOSFET devices, or other devices which are typically present in CMOS technology. 

25 Pad oxide layer 14 is removed from the structure utilizing an etching process that is 
highly selective in removing oxide as compared to Si or trench fill material and 
thereafter sacrificial oxide layer 16 is formed on the bare surface of Si-containing 
substrate 10 so as to provide the structure shown, for example, in FIG 2. Sacrificial 
oxide layer 16 may be formed utilizing one of the processes used in forming the pad 
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oxide layer. The thickness of the sacrificial oxide layer may vary, but typically, the 
sacrificial oxide layer has a thickness of from about 3 to about 15 nm. 

Next, patterned polysilicon region 18, which serves as the dummy gate region in the 
inventive method, is formed atop a portion of sacrificial oxide layer. The patterned 
polysilicon region is formed by blanket depositing polysilicon on the structure shown 
in FIG 2, and then patterning the polysilicon via lithography and etching. The width 
of the patterned polysilicon region will determine the channel length of the resultant 
MOSFET device. 

Source/drain extension implants 20 and optional halo implants, not shown, are then 
formed into the substrate utilizing conventional source/drain extension implants and 
conventional halo implants. Each implant region may be activated utilizing the same 
or different activation annealing process.' The annealing conditions may vary and are 
well known to those skilled in the art. The resultant structure including patterned 
polysilicon region 18 and source/drain extension implant regions 20 is shown, for 
example, in FIG 3. 

A dielectric material 22 such as TEOS is then deposited via a conventional deposition 
process and the structure is planarized via a conventional planarization process such as 
chemical mechanical polishing to provide the planar structure shown, for example, in 
FIG 4. Note that the upper surface of the dielectric material abutting the patterned 
polysilicon region is coplanar with the top surface of the patterned polysilicon region. 

Patterned polsilicon region 1 8 is then removed from the structure shown in FIG 4 so as 
to provide opening 24 that exposes a portion of sacrificial oxide layer 16. The 
structure formed after removing the patterned polysilicon region is shown, for 
example, in FIG 5. The patterned polysilicon region may be removed utilizing 
chemical downstream etching or a KOH wet etching process may be utilized in 
removing the patterned polysilicon region. 
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FIG 6 shows the structure during device channel/body implantation. Reference 
numeral 26 denotes ions being implanted into the substrate so as to define device 
channel/body region 28 therein. This implant step of the present invention includes 
the use of conventional ion implantation. After implantation of the device 
channel/body region, the implant region is annealed using conditions well known to 
those skilled in the art. In a preferred embodiment of the present invention, the device, 
channel/body implant is annealed in Ar at 1000°C for about 5 seconds. 

FIG 7 shows the structure that is formed after Si spacers 30 are formed on the exposed 
vertical sidewalls of dielectric material 22. The Si spacers are formed by first 
depositing a layer of Si in opening 24 and then etching the Si layer to provide Si 
spacers which are located on the exposed vertical sidewalls of dielectric material 22. 
The thickness of Si spacers 30 is typically from about 0.5 to about 5 nm. 

The exposed portion of sacrificial oxide layer 16 in opening 24 is then removed so as 
to provide the structure shown, for example, in FIG 8. Specifically, the exposed 
portion of the sacrificial oxide layer is removed utilizing a chemical oxide removal 
(COR) etching process wherein a vapor or, more preferably, a plasma of HF and NH 3 
is employed as the etchant and low pressures (of about 6 millitorr or below) are used. 
Note that the COR etching provides an undercut beneath the Si spacers and it exposes 
surface portions of the substrate that lay above the device channel/ body implant 
region. 

Gate dielectric 32 is then formed on exposed surfaces of the substrate above the device 
channel/device implant region utilizing a conventional thermal growing process. Note 
that during gate dielectric formation, Si spacers 30 are exposed forming oxidized Si 
spacers 3 1 . The gate dielectric may be composed of an oxide including, but not 
limited to: Si02, AI2O3, Ta20 3 , Ti02, and perovskite-type oxides. The gate dielectric 
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material of the present invention may have a dielectric constant of about 3.0 or greater 
depending on the type of oxide being thermally grown. 

It is noted that in some embodiment, the gate dielectric is deposited and thereafter a 
separate oxidation process can be used to convert the Si spacers into the oxidized Si 
spacers. Notwithstanding which technique is employed in forming the gate dielectric, 
the gate dielectric has a thickness of from about 1 .0 to about 1 0 nm. 

Poly-gate 34 is then formed in the opening atop gate dielectric 32 by depositing a layer 
of polysilicon and then planarizing the layer of polysilicon so as to be coplanar with 
the upper horizontal surface of dielectric material 22. Note that the polysilicon 
deposited may be doped or undoped. When undoped polysilicon is deposited, the 
undoped polysilicon layer is subjected to poly-gate implantation and annealing after 
planarization. Although the conditions for annealing may vary, it is preferred to 
anneal in Ar at 1050°C for about 5 seconds. The resultant structure including gate 
dielectric 32, oxidized Si spacers 31 and poly-gate 34 is shown, for example, in FIG 9. 

Upper portions of the poly-gate are then recessed utilizing a timed etching process. 
The recessed poly-gate may optionally be subjected to an oxidation process that forms 
oxide layer 36 on the upper surface of the recessed poly-gate. See FIG 10. Note that 
the second oxidation, if needed, ensures the complete oxidation of the Si spacers. 

The area for the T-gate is then formed above the recessed poly-gate by removing 
portions of the oxidized Si spacers and trimming the dielectric material laterally in the 
direction shown by arrows 38 in FIG 1 1 . Specifically, an anisotropic COR process 
such as that mentioned hereinabove is used in forming the T-gate area. Note that the 
area for the T-gate is wider than the width of the previously formed recessed poly- 
gate. 
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Gate conductor 40 is then predominately deposited in the T-gate area formed in FIG 
1 1 and planarized to the upper horizontal surface of dielectric material 22 to provide 
the planar structure shown in FIG 12. The gate conductor may be polysilicon; a 
conductive metal such as Al, W, Cu, Ti, and the like; a silicide such as WSi, TiSi, or 
CoSi; or a combination thereof. In cases when a combination of polysilicon and 
conductive metal is employed an optional barrier liner is typically formed between the 
two conductive materials. The barrier liner may also be formed between recessed 
poly-gate 34 and gate conductor 40, if so desired. Note that gate conductor 40 and 
recessed poly-gate 34 taken together are referred to as a T-gate since the gate has an 
upper region, i.e., gate conductor 40 which is wider than a lower region, i.e., recessed 
poly-gate 34. One preferred conductive material for gate conductor 40 is a conductive 
stack comprising W formed atop poly Si. 

Next, dielectric material abutting the T-gate is removed by utilizing an etching process 
that is highly selective in removing dielectric material 22 from the structure. Nitride 
spacers 42 are then formed on exposed portions of the recessed poly-gate such that the 
outer vertical edge of the nitride spacers is aligned with the outer edge of gate 
conductor 40. The nitride spacers are formed utilizing a deposition process which is 
highly conformal. See FIG 13. 

Source/drain regions 44 may then be formed in the substrate adjoining the T-gate by 
conventional ion implantation and activation annealing. See FIG 13. Although 
various activation annealing conditions are employed it is preferred to anneal the 
source/drain implant in Ar at 1 000°C for about 5 seconds. In some embodiments, 
especially when substrate 10 is a thin Si-containing layer of an SOI wafer, raised 
source/drain regions (not shown) are formed next to nitride region 42. 

The structure shown in FIG 13 may be subjected to a conventional silicidation process 
so as to form silicide regions atop the source/drain regions as well as the T-gate and 
then conventional CMOS processing steps which are well known to those skilled in 
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the art and are described, for example, in R. Colclaser, "Micro Electronics Processing 
and Device Design, Chapter 10, pages 266-269, John- Wiley and Sons publisher, 1980. 

The inventive method described above utilizes a damascene gate process and a COR 
5 etch to fabricate sub-0.1 jim channel length MOSFETs with a T-gate structure. The 
resultant device has very low-gate sheet resistance enabling very-high device 
performance for sub-0.1 \im CMOS technologies. The T-gate is formed in the same 
space which is utilized for the formation of the source and drain spacers in 
conventional gated devices. Hence, the inventive T-gate technology described herein 
10 results in very high-performance MOSFETs with no impact on device packing 

density. It is further noted that the present invention results in a sub-0. 1 |im channel 
length MOSFET which does not exhibit any poly depletion problems which are 
typically present in conventional polySi-gated devices. 

1 5 While the present invention has been particularly shown and described with respect to 
preferred embodiments thereof, it will be understood by those skilled in the art that the 
: foregoing and other changes in forms and details may be made without departing from 
the spirit and scope of the present invention. It is therefore intended that the. present 
invention not be limited to the exact forms and details described and illustrated, but 

20 fall within the scope of the appended claims. 
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